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Explanation of Reference Numerals in 
Pat. Post-exam Pub. No. 51-39835 

1: N type monocrystalline silicon substrate 

2: silicon dioxide insulating film 

3: substrate surface 

4: silicon dioxide gate insulating film 

4': gate insulating film 

5: polycrystalline silicon film 

5': polycrystalline silicon gate electrode 

7,8: substrate surfaces 

9: dioxide silicon insulating film 

10: source region 

11: drain region 

12, 13, 14: openings 

15, 16, 17: lead-out electrodes 

18, 19: side surfaces (ends), (silicon dioxide insulating 
film) 

20: projection, gate insulating film 

21: cross section periphery 

22, 23: side surfaces 

24: cross section periphery 
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Claim 



A manufacturing method of insulated-gate semiconductor 
device characterized by the following facts: a thin gate 
insulating film is set in the prescribed portion of a principal 
surface of a semiconductor substrate with a certain 
electroconductive type; a semiconductor layer with a prescribed 
shape is set on the thin gate insulating film; with this 
semiconductor layer used as a mask, the aforementioned insulating 
film is etched; the insulating film excessively etched beneath 
the aforementioned semiconductor layer is filled; then, the 
source region and drain region are formed on the aforementioned 
principal surface. 

pgtailed pvplanati nn of the invention 

This invention concerns an improvement of the manufacturing 
method of insulated-gate semiconductor device. More 
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specifically, this invention concerns an improvement of the 
manufacturing method of silicon gate field-effect semiconductor 
device. 

In the conventional manufacturing method of this type of 
silicon gate field-effect semiconductor device, after an 
insulating film is formed on a principal surface of a 
single-crystal silicon substrate with a prescribed 
electroconductive type, the insulating film is removed for the 
regions on the substrate corresponding to the source region, 
drain region, gate region, and diffusion wiring region, followed 
by formation of a gate insulating film, and then formation r of a 
polysilicon layer on the entire surface. Then, the conventional 
photolithographic method or other method is used to form the gate 
electrode and wiring circuit of the polysilicon. With the 
polysilicon used as a mask, the insulating film is etched to 
expose the surface of the substrate for the source region, drain 
region, and diffusion wiring region. Then, an appropriate 
impurity is diffused to form source region, drain region, and 
diffusion wiring region. In this way, the positions are 
automatically aligned between source and gate, and between drain 
and gate. 

However, in the conventional manufacturing method, when the 
insulating film is etched with polysilicon used as a mask, side 
etching takes place in the transverse direction of the insulating 
film; hence, overetching takes place into the inner side from the 
polysilicon gate electrode and with almost the same thickness as 
that of the gate insulating film. Consequently, the side surface 
of the polysilicon electrode becomes misaligned with the side 
surface of the gate insulating film, and the outer side is etched 
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with a dimension almost identical to the thickness of the gate 
insulating film. Consequently, a short circuit may take place 
between this portion and the source region, or, when an 
insulating film and a metal wiring circuit are to be formed on 
it wire breakage may take place in this portion as it is very 
thin. Consequently, the yield and reliability of the 
manufacturing operation of the device are significantly 
decreased. 

in the manufacturing method of the insulated-gate 
semiconductor device of this invention, after the insulating film 
is etched with the polysilicon used as a mask, thermal oxidation 
me thod is used to form a silicon dioxide insulating film on the 
partially exposed portion of the surface of the single-crystal 
silicon substrate and on the surface of the polysilicon 
electrode, followed by its removal with etching. 

Consequently, according to this invention, the side surface 
of the polysilicon electrode and the side surface of the gate 
insulating film are almost in agreement with each other, and the 
cross-sectional edges of the polysilicon gate electrode are 
rounded to have a certain radius. Consequently, the problems 
related to the aforementioned conventional device can all be 
eliminated, and the yield and reliability of the manufacturing 
process of the semiconductor device can be improved 

significantly. 

in the following, this invention will be explained in more 

detail with reference to application examples illustrated by 

figures. 
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Application Exa mple 1 

Figures 1A-1J are consecutive cross-sectional views 
illustrating schematically the manufacturing process of the 
P-channel silicon field-effect transistor polarized [sic, used] 
in this invention. As shown in Figure 1A, on a principal surface 
of N-type single-crystal silicon substrate with a resistivity of 
about 5 n-cm, a silicon dioxide insulating film (2) with a 
thickness of about 1 is formed by thermal oxidation of 
substrate (1). Then, the conventional photolithographic method 
is used with the aid of a mask and etching to expose the portions 
of substrate surface (3) to be used for forming the source 
region, drain region, and gate region (Figure IB). Then, after 
formation of a silicon dioxide gate insulating film (4) with a 
thickness of about 1000 A by thermal oxidation of substrate (1), 
a polysilicon film (5) with a thickness of about 4000 A is grown 
on the entire surface (Figure 1C) . Then, as shown in Figure ID, 
the conventional photolithographic method is used to remove the 
other portion of polysilicon film (5) except polysilicon 
electrode (5'). Then, as shown in Figure IE, with polysilicon 
electrode (5') used as a mask, silicon dioxide insulating film 
(4) is etched to expose the portions of substrate surface (7), 
(8) to be used for forming the source region and drain region. 
In this case, the side surface of gate insulating film (4') 
immediately beneath polysilicon gate electrode (5') is overetched 
to the inner side by about 1000 A from the side surface of 
polysilicon electrode <5')« The state of the side etching in 
this case is represented by an arrow <->) in Figure 2A. Then, as 
shown in Figure IF, on the partially exposed surface of substrate 
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(1) and the surface of polysilicon gate electrode (5'), a silicon 
dioxide film (9) with a thickness similar to that of gate 
insulating film (4') is formed using the thermal oxidation 
method; as it is removed by etching, substrate surface portions 
(7 , (8) are exposed again. At this time, the side surface of 
polysilicon electrode (5') and the side surface of the newly 
formed gate insulating film (20) are almost in agreement with 
each other. In addition, as a result of the aforementioned 
reoxidation, the edge portions of the cross section of 
polysilicon electrode (5') are more oxidized, so that they are 
xnore rounded as compared with the state shown in Figure IE. 
Then as shown in Figure 1H, on the exposed substrate surface 
portions (7), (8), islands of diffusion regions (source region 
(10) drain region (11)) are formed by diffusion of boron. Then, 
as shown in Figure II, using the CVD method, a silicon dioxide 
film (18) with a thickness of about 5000 A is formed on the 
entire surface. Then, the conventional photolithographic method 
is used with the aid of a mask and etching to form holes (12), 
(13) (14) on source, drain and gate [regions) (11) [sic]. Then, 
as shown in Figure 1J, an aluminum film with a thickness of about 
1 5 ^m is evaporated on the entire surface, followed by formation 
of lead-out electrodes (15), (16), (17) for the source, dram and 

gate, respectively. 

For the silicon gate field-effect transistors formed xn this 
way, the manufacturing yield is higher than that of the 
conventional manufacturing method which does not have the process 
of Figures IF and 1G by a factor of 10 or larger, and the 
reliability is also significantly increased. 

Figures 2A-2C are partially enlarged cross-sectional views 
corresponding to Figures 1E-1G. As shown in Figure 2A, when the 
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insulating film is etched with polysilicon gate electrode (5') 
used as a mask, (18) which is the side surface of polysilicon 
gate electrode (5') is not in agreement with side surface (19) of 
gate insulating film (4'); instead, end portion (18) of 
polysilicon gate electrode (5') protrudes from end portion (19) 
of gate insulating film (4') by a length almost equal to the 
thickness of gate insulating film (4'), forming a protrusion 
portion (20). Figure 2C shows the state of Figure 2B, in which 
after insulating film (9) is removed by etching, side surface 
(22) of polysilicon gate electrode (5') becomes almost in 
conformance with side surface (23) of the gate insulating film, 
and cross-sectional edges (24) of polysilicon gate electrode (5') 
are more rounded as compared with cross-sectional edges (21) in 
Figure 2A. 

Applica tion Example 2 

in Application Example 1, after gate insulating film (4) is 
etched with polysilicon electrode (5') used as a mask (Figure 
IE) a silicon dioxide film (9) with a thickness similar to that 
of gate insulating film (4) is formed using thermal oxidation 
method on polysilicon electrode (5') and partially exposed 
surface portions (7), (8) of substrate (1) (Figure IF). 

As a different method to realize the same effect as in 
Application Example 1, in the state shown in Figure ID, almost no 
silicon dioxide is grown on the portion where there is already 
gate insulating film (4), while the silicon dioxide film is 
formed with a thickness similar to that of gate insulating film 
(4) using the thermal oxidation method only on the exposed 
surface of polysilicon gate electrode (5'). In this way, without 



going through the stage shown in Figure IE, a state almost 
identical to that shown in Figure IF is realized. In order to 
form the silicon dioxide film with a thickness similar to that of 
gate insulating film (4) on polysilicon gate electrode (5'), it is 
necessary to carry out the oxidation at a relatively low 
temperature of 800-900'C, at which the growth of silicon dioxide 
film with a thickness of gate insulating film (4) (Figure ID) is 

almost saturated. 

Of course, this invention is not limited to the 
aforementioned application examples, which were presented only as 
examples. For example, in the aforementioned application . 
examples, a silicon gate field-effect transistor was presented. 
However, this invention may also be used for any type of 
insulated-gate semiconductor device. For example, instead of 
single-crystal silicon, other semiconductor materials, such as 
polysilicon, germanium, gallium arsenide, etc., may also be used. 
In addition, it is also possible to change the resistivity of the 
material used. Also, it is possible to select the 
electroconductive type for the various portions. Besides, it is 
possible to change the dimensions of the various portions. The 
insulating film may be formed from silicon dioxide, silicon 
monoxide, silicon nitride film, alumina, phosphorus glass, etc., 
using various methods, such as thermal oxidation, CVD, 
evaporation, sputtering, etc. In addition, as the gate 
electrode, the polysilicon may be replaced by germanium, gallium 
arsenide, and other semiconductor materials. In addition, the 
metal and wiring circuit [sic; the metal wiring circuit] may be 
formed from aluminum, molybdenum, chromium, etc. using 



evaporation, sputtering, etc. Generally speaking, any variation 
is allowed as long as the main points of this invention are 
observed. 

prief explanati on of figures 

Figures 1A-1J are consecutive cross-sectional views 
illustrating the manufacturing process of the silicon gate field- 
effect transistor according to this invention. Figures 2A-2C are 
partially enlarged cross-sectional views corresponding to Figures 
1E-1G. - 

1, silicon substrate 

2,4,9,18, silicon dioxide insulating film 
4 ',20, gate insulating film 
5', polysilicon gate electrode 
15,16,17, lead-out electrode 




Figure 1 




Figure 2 



